site) and, consequently, samples were taken from inside the lough, as well as from around the 10 Northern Ireland coastline, the Isle of Man, and the west coast of Scotland (Fig. 1 ). In total, 11 14 sites were sampled (eleven from Northern Ireland, two from Scotland and one from the 12 Isle of Man, Table 1 , Fig. 1 ). At each site, thirty mature (>1m) S. latissima sporophytes were 13 randomly selected from discrete populations and a small disc 0.7cm in diameter was hole -14 punched approximately 4cm from the stipe/laminar junction in an area free of epiphytes and 15 stored in powdered silica gel. DNA was extracted using the CTAB method (Doyle and 16 Doyle 1987 ). 17 18 
Microsatellite genotyping 19
Five species-specific microsatellite loci were developed using a modified version of the 20 biotin / streptavidin capture method originally outlined by Kijas et al. (1994) . Primer 21 sequences are given in Table 2 . A further locus (Zspj39) originally developed for S. japonica 22 (Zhang et al. 2014 ) was also used. Loci Zspj8 and Zspj40 from the same study were tested, 23 but could not be consistently amplified and so were not used. PCR was carried out in a total 24 volume of 10 μl containing 100 ng genomic DNA, 5 pmol of 6-FAM-, ROX-or HEX-Page | 7 labelled M13 primer, 0.5 pmol of M13-tailed forward primer, 5 pmol reverse primer, 1x PCR 1 reaction buffer, 200 μM each dNTP, 2.5 mM MgCl2 and 0.25 U GoTaq Flexi DNA 2 polymerase (Promega, Sunnyvale, CA, USA). PCR was carried out on a MWG Primus 3 thermal cycler (Ebersberg, Germany) using the following conditions: initial denaturation at 4 94 °C for 3 min followed by 45 cycles of denaturation at 94 °C for 30 s, annealing at 58 °C 5 for 30 s, extension at 72 °C for 30 s, and a final extension at 72 °C for 5 min. Genotyping was 6 carried out on an AB3730xl capillary genotyping system. (Applied Biosystems, Foster City, 7 CA, USA). Allele sizes were scored using the GENEMAPPER and Lischer, 2010). To further identify possible patterns of genetic structure, the software 21 package BAPS (V5; Corander et al., 2003) was used to identify clusters of genetically similar 22 sites using a Bayesian approach. Ten replicates were run for all possible values of the 23 maximum number of clusters (K) up to K = 14, the number of sites sampled, with a burn-in 24 period of 10,000 iterations followed by 100,000 iterations. An AMOVA was also carried out Page | 8 based on the groups delineated by the BAPS analysis (see Results), and pairwise ΦST values 1 between sites were also estimated. 2 A test for isolation-by-distance (IBD; Rousset 1997) was carried out to test the null 3 hypothesis of a stepping-stone model of gene flow between sites. The ISOLDE test 4 implemented in the GENEPOP software package was used to assess the relationship between 5 genetic distance, measured as FST/ , and geographical distance between pairs of sites, 6 measured as the shortest distance across water. 1,000 permutations were used for the Mantel 7 test. 8
To test the power of the six microsatellites used in the study to detect low levels of 9 population genetic differentiation, simulations were carried out using the POWSIM software 10 package (V4.0; Ryman and Palm, 2006) . Simulations were carried out for an effective 11 population size of Ne = 1,000 to yield FST values of 0.0005 -0.0050. In all cases, 1,000 12
replicates were run and the power of the analysis was indicated by the proportion of tests that 13 were significant at P < 0.05 using the observed allele frequencies for the six microsatellite To determine the current field, the Irish Sea Model uses a finite volume method by solving a 21 depth averaged shallow water approximation. While fertile S. latissima material can be 22 found between April and November (K. Mooney, Personal Observation), current flow is 23 tidally driven, which is predictable and varies little throughout the year, therefore the model Page | 9 was run for the month of September as a representative period incorporating two neaps and 1 two spring tides. 2 Two significant temporal factors that will affect the distance that spores travel are tidal 3 state (e.g. flood, ebb or slack tide), which determines how spores are released into the water 4 column, and the length of time that spores are viable. Currently, the optimal tidal state for S. 5 latissima spore release is unknown, therefore, a trickle release approach was adopted 6 whereby 200 particles (a proxy for spores) were released every 5 min during the simulation. 7
While there are specific studies on the length of time that spores are viable, these are 8 laboratory based observations with the general consensus that free floating spores are short 9 lived and do not remain viable for more than a few days (Suto, 1950; Kain, 1964 
Population genetic analysis 3
No significant evidence of consistent linkage disequilibrium (i.e. involving the same loci) 4 was detected between any of the six nuclear microsatellites analysed (4 out of 210 tests). 5
Between six (Zspj39) and 61 (Sac-1H08) alleles were detected per locus, with a total of 133 6 (mean = 21.167 per locus; Table 2 ). FIS values by locus ranged from -0.053 (Zspj39) to 7 0.211 (Sac-1F02). Within sites, levels of allelic richness (AR) averaged over loci ranged from 8 5.546 (S11 -St John's Point) to 7.144 (S4 -Knockinelder), with a mean value of 6.261 9 ( Table 1) . Levels of observed (HO) and expected (HE) heterozygosity ranged from 0.554 10 (S12 -Port Erin) to 0.826 (S11 -St John's Point; mean = 0.635), and from 0.616 (S6 -11
Marlfield) to 0.776 (S1 -Rathlin Island; mean = 0.666) respectively. Heterozygote deficits 12 measured as FIS values were significantly different from zero in seven of the 14 sites studied, 13 ranging from -0.048 (S7 -Walter Shore) to 0.165 (S4 -Knockinelder; mean = 0.074). 14 The AMOVA indicated that 5.89% of the total genetic variation was partitioned between 15 sites (ΦST = 0.059; P < 0.0001; Table 3 ). The BAPS analysis identified four genetic clusters: Multiple independent runs always gave the same outcome. The group-level AMOVA 22 indicated that 7.82% of the total genetic variation was partitioned between the four groups 23 identified by the BAPS analysis (ΦCT = 0.0782; P < 0.0001; Table 3 ). Finally, a significant 24 pattern of isolation-by-distance was observed across all sites analysed, but not among the Page | 12 group of sites south of Belfast Lough alone ( Fig. 3 ). Population-pairwise ΦST values were 1 significant in all but 13 of the 91 comparisons, which were all between populations from the 2 Southern group, and ranged from 0.009 (S7 -Walter Shore vs. S9 -Kircubbin) to 0.171 (S11 3 -St John's Point vs. S12 -Port Erin; Supplementary Table S1 ). 4
The simulation studies suggested that the microsatellite data were able to detect FST values 5 of as low as 0.0030 95% of the time, and in all simulations for FST values of 0.0045 and 6 above ( Fig. S1 ). 7 8
Hydrodynamic and particle tracking modelling 9
The most notable feature from the numerical simulations of the particle tracking modelling is 10 the minimal exchange of particles between Northern Ireland, Scotland and Isle of Man 11 populations ( Fig. 4) . Greatest dispersal was observed at Carnlough (S2) along the north coast 12
of Northern Ireland where tidal flows can reach up to approximately 1 m/s. The simulations 13 also clearly showed overlap between this site and Rathlin Island (S1). Port Erin (S12), at the 14 tip of the Isle of Man, is also a high flow area with dispersion quite prominent around part of 15 the island, but no overlap between any of the other locations is observed. Given that spores 16 had a lifespan of five days and were released continuously throughout the month of 17
September, localised particle retention was observed at each site, particularly at Bangor (S3). between sites within these two clusters are similar to that between the Scottish populations, it 20 should be noted that the sites within Strangford Lough are genetically similar to those outside 21 the Lough, despite the marked habitat discontinuities. This shows that there are factors other 22 than geographical distance or habitat discontinuity affecting genetic differentiation patterns, 23 which could reflect the proportion (64%) of significant pairwise ΦST values between these 24 sites and the small but significant level of differentiation between populations within the four Page | 15 clusters (1.55% of the total genetic variation), although there were no apparent geographical 1 patterns in these values. Similar genetic differentiation was found in eastern Maine, USA, 2
where two populations which were ~50km apart were genetically different while nearby 3 populations up to 90km apart had genetic mixing (Breton et al., 2018 ). 4
Hydrodynamic modelling shows patterns of spore dispersal that are generally consistent 5 with the genetic patterns seen in the Northern Irish sites sampled. Simulated spore release 6 from the Rathlin Island (S1) and Carnlough (S2) sites show that there is mixing between both 7 sites. Simulated releases from The Dorn (S8) (within Strangford Lough) and St. John's Point 8 (S11) (outside the Lough) show mixing of spores and explain how the habitat discontinuity 9
within the southern group can be overcome by hydrodynamic influence. Populations of S. 10 latissima in and around Strangford Lough exhibit a higher degree of connectivity than 11 populations of Laminaria digitata from the same area (Brennan et al. 2014 ). The lack of 12 significant IBD in the southern populations in the present study is reflected in the low levels 13 of FIS, suggesting substantial gene flow and little inbreeding, and is in contrast to significant 14 levels of both IBD and inbreeding observed in L. digitata in the previous study. Interestingly , 15 at the north of the southern group, spores released from Bangor (S3) apparently have a very 16 narrow dispersal while those from Carnlough (S2) in the northern group, although they have 17 a very wide dispersal, do not appear to travel far enough to reach the Bangor sites. These 18 sites are situated either side of Belfast Lough, which has a large freshwater plume that enters 19 the Irish Sea that results in fluctuating salinity (Service et al., 1996) . It is most likely this 20 change in salinity gradient represents a barrier to spore dispersal and survival. 21
With the projected increase in coastal kelp farming, it is important to be aware of the 22 potential for interaction between farmed and natural populations, especially given the 23 capacities for dispersal indicated in the present study. Although lack of suitable (i.e. rocky) 24 substrate has been proposed to be a major dispersal barrier for several kelps ( Page | 26 Table 1 Details of populations studied. Nnumber of individuals analysed; ARallelic richness; HOobserved heterozygosity; HEexpected heterozygosity; FISinbreeding coefficient (* P < 0.05, ** P < 0.01, NS Non-significant).
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